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Introduction 
Skull fractures are often caused by high impact. Many 
brain injuries occur due to bike accidents, resulting in 
death or extreme disabilities. Research is performed 
on energy absorbing bicycle helmets in order to 
improve protection. This requires accurate knowledge 
on the material properties of the head. Cranial bone is 
a complex sandwich structure consisting of two layers 
dense cortical bone with a layer of porous trabecular 
bone in between. However, its mechanical properties 
are not well-characterized
3
, as the intricate bone 
structure has not been taken into account, yet. 
Therefore, the aim of this project was to characterize 
cranial tissue modulus and to quantify the influence of 
the impact speed. For that purpose, we combined 
experimental testing with micro-structural finite 
element (μFE) modeling
2
. 
Materials and methods 
The bone specimen was harvested from the parietal 
regions of a fresh-frozen adult skull. All procedures 
were approved by the Ethics Committee at 
K.U.Leuven. Flat supports of epoxy resin were 
attached to the sample at a distance of 30 mm in order 
to get a flat surface and to prevent slip during testing. 
The width of the specimen was 15 mm and its 
thickness was 8.5 mm. 
Prior to testing, the specimen was scanned using a 
μCT scanner (MTM Tomohawk System, 72 kV, 0.49 
mA) with a resolution of 47 μm. 
    A three point bending impact test was performed at 
a testing speed of 1000 mm/s. The impacting pin had 
a diameter of 6 mm and was displacement controlled. 
Force and displacement were recorded. 
    An μFE model was generated from the μCT scans 
using a direct voxel-to-element conversion. Hence, the 
model consisted of hexahedral elements having a size 
of  47 μm in all directions. The boundary conditions 
resembled the experimental setup (Fig.1).  
    Assuming an arbitrary Young's modulus of 4 GPa 
and a Poisson ratio of 0.3, the force necessary to 
obtain a prescribed displacement, equal to 1% of its 
total thickness, was calculated using ParFE
1
, running 
at the Swiss National Supercomputing Centre. Bone 
tissue modulus was determined from a linear scaling 
of the μFE results to the experimental data
2
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Fig. 1: Schematic model for the FE analysis 
Results and discussion 
To the best of our knowledge this study is the first to 
perform μFE analyses on skull bone and provide an 
estimate of cranial tissue modulus. 
    The model constisted of just over 60 million degrees 
of freedom. The calculated bone tissue modulus was 
3.82 GPa. This is lower than reported previously
3
. We 
hypothesize that this is related to the lower impact 
speed used in this study: it is known that bone 
behaves stiffer when subjected to higher impact 
speed. This influence will be investigated in a following 
study.     
Conclusion 
Although only one sample was tested, the μFE 
analysis provided proof of principle in deriving cranial 
tissue modulus. It showed that that μFE analysis, 
together with μCT scanning can provide more precise 
insight into the material properties of cranial bone 
under high impact. 
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